Abstract-This paper presents a small-signal analysis of the power stage of a tapped-inductor pulse-width modulated (PWM) buck dc-dc converter, operating in continuous-conduction mode (CCM). Using the circuit averaging technique, the small-signal model of the power stage is developed. The derivation of duty cycle-to-output voltage and input-to-output voltage transfer functions are presented. An example tapped inductor buck dcdc converter is considered. The time-domain and frequencydomain characteristics of the converter are analyzed, illustrated, and discussed. The theoretical results are validated using circuit simulations. 
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The switch can be replaced by a current-controlled current source and the diode by a voltage-controlled voltage source. A time-varying, nonlinear, large-signal model is obtained by perturbing the dc and low-frequency model [13] - [16] . The averaged linear small-signal model is obtained by eliminating the high-order non-linear terms from large-signal model. The linear small-signal model of tapped-inductor buck converter is shown in Fig. 2 . The small-signal diode voltage is I. INTRODUCTION Wide conversion ratio power electronic converters are attractive in a variety of applications, such as point-of-Ioad power distribution system, data center power supplies, and solar photovoltaic modules. The tapped-inductor buck converter offers a higher voltage step-down than that of the traditional buck converter [1] , [2] . The steady-state analysis of the common-diode tapped-inductor buck converter was analyzed in [3] . This paper presents the derivation of its small-signal model, and subsequently, its power stage transfer functions such as duty cycle-to-output voltage and input voltage-tooutput voltage. The small-signal model of the converter has been derived using circuit averaging technique, where the nonlinear switching network is replaced by a linearized twoport network of controlled voltage and current sources [5] - [16] . The transient and frequency-domain characteristics of the converter are analyzed using the design of an example tapped-buck circuit topology and are verified though circuit simulations. 
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where N = n -1.
and the angular frequency of the right-half plane zero is current transfer function in s-domain is
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where the dc gain T po is
From [4] the dc voltage gain is given by
Substituting (16) into (15) results into
The high-frequency gain T px is
the angular corner frequency or the angular undamped natural frequency is the damping ratio is
the angular frequency of the left-half plane zero is
(8)
The equivalent averaged resistance r connected in series with the secondary winding is [1] , [2] where T DS is the ON-resistance of the switch, RF is the diode forward resistance, and TL is the total parasitic resistance of the tapped inductor.
III. DERIVATION OF TRANSFER FUNCTIONS
The small-signal model of the PWM buck-boost converter is shown in Fig. 2 . The resulting state equations required to derive the transfer functions are as follows. The impedance in the inductor and capacitor branch are lumped and represented as 1 RL (r e + S~)
RL +re + sC
The current through the parallel combination of the load resistor and the filter capacitor branch is
Applying Kirchhoff's voltage law k1d+k2 V i=ilZl+ (;2 +1)Vo. (12) Applying Kirchhoff's current law 
and the angular frequency of the left-half plane zero is given in (21).
IV. RESULTS
The following specifications were considered for the analysis on the tapped-inductor buck converter: supply voltage VI = pulse-width modulated (PWM) dc-dc converter in continuousconduction mode. The transfer functions have been derived using the small-signal model obtained by circuit averaging technique. An example converter was designed and simulated to validated the theoretically derived transfer functions. Excellent agreement between theoretical and simulations results were observed. The tapped-inductor buck converter is a nonminimum phase system as it exhibits a right-half plane (RHP) zero in its duty cycle-to-output voltage transfer function.
